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I. Introduction

In this contribution, we compare non-initial cell search performance of FDM based and TDM based cell search schemes. 
II. SCH Structure overview
We consider several types of SCH structures, i.e., TDM-2 (where 2 means two SCH symbols per frame), TDM-4, FDM-2, FDM-4 and FDM-5 as shown in Fig. 1. The SCH symbol position is just an example.
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(e) FDM-5

Fig. 1. Several types of SCH structures.
Figure 2 shows the applied SCH symbol format used for evaluation. The length of the P-SCH sequence is assumed to be the same as the number of assigned sub-carriers for P-SCH per symbol. But the length of the S-SCH sequence is set to be the number of assigned sub-carriers for S-SCH per frame. Because the number of SCH symbols is the same, we can use the same S-SCH sequence for both of FDM and TDM structures. Note that we can uniquely find the cell ID and 10 msec frame boundary by detecting only one S-SCH symbol. The same P-SCH sequence is used for all the schemes considered here. Table 1 shows the applied SCH sequences and Table 2 shows the percentage of resource allocation for SCH symbols assuming 5 MHz bandwidth.
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Fig. 2. SCH symbol formats
Table 1. Applied sequences for SCH

	
	Applied sequence for P-SCH
	Applied sequence for S-SCH

	TDM-2, FDM-2
	GCL 41
	Extended GCL with length 79

	TDM-4, FDM-4
	
	Extended GCL with length 157

	FDM-5
	
	Extended GCL with length 191

	Comment
	GCL #1 is used
	We use 512 codes for cell separation

(code separation = 4, delay separation=4)

See [6][7] for further info.


Table 2. Percentage of resource allocation for SCH symbols assuming 5 MHz BW
	FDM2, TDM2
	FDM4, TDM4
	FDM5
	WCDMA

	0.36%
	0.71%
	0.89%
	1%


III. Inter-RAT measurement
In FDM-2, TDM-2 and TDM-4, the SCH symbols may not be found during 4.6 msec (GSM) or 4.7 msec (WCDMA) transmission gap. But in FDM-4 and FDM-5, we can always find one (FDM-4) or two (FDM-5) SCH symbols within the gap. Thus, among these 5 schemes in Fig. 2, only FDM-4 and FDM-5 can meet the inter-RAT measurement for a single receiver UE. 
IV. Simple Simulation Model for non-neighbor Cell Search Performance Comparison
Fig. 3 shows a simplified two-cell model, which was devised to verify the performance of cell search schemes for handover cell search through relatively simple simulations [3]. Two parameters, 
[image: image9.wmf]targethom

/

e

II

and 
[image: image10.wmf]targetOC

/

II

 are introduced.

[image: image11.emf]Transmitter

Fading

Channel

Home Cell

Transmitter

Fading

Channel

Target Cell

Other Cell 

Interference

(Gaussian)

Home

I

Target

I

OC

I

r(t)


Figure. 3 Two-cell model non-initial cell search
V. Non-neighbor Cell Search Algorithm 
5-1. When the target cell and serving cells are synchronous.
The first step (SCH symbol timing detection) used in initial cell search may not be required for handover search situation in a tightly synchronized network. Fig. 4 shows the basic handover search procedure. By using only the second step, the UE can find the neighboring cell ID. After detecting the target cell ID, the UE can find the exact timing by taking correlation between the received signal and the time domain replica of the cell specific S-SCH signal corresponding to the identified cell ID. 
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Figure 4. Neighbor cell search procedure in synchronized environment.
The second step utilizes coherent detection based on channel estimation using the P-SCH signal. The coherent detection also employs the home cell component nullification.
Fig. 5 shows the timing relation between the home cell, the target cell and the non-initial searcher. Since the exact timing from the target cell is unknown to the UE, the searcher reference timing is based on the frame timing of the home cell. In most cases, the candidate target cell is a different sector cell within the same Node B or one of the first tier cells surrounding the home cell. In this case, the timing difference between the received signals from the home cell and the target cell (i.e. 
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 in Fig. 6) may be smaller than the CP length. However, if the target cell is one of the 2nd or 3rd tier cells, 
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can be larger than the CP length even with tight inter-Node B synchronization. The cell search performance may depend on 
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. We have analyzed the effect of 
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on the handover cell search performance in detail in the previous contribution [2]. In this contribution, 
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is assumed to be uniformly distributed within the CP duration.
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Figure 5. Timing relationship of handover searcher in the synchronized network (FDM-5 example)
5-2. When the target cell and serving cells are asynchronous.
Even in the non-synchronized network, the sector cells belonging to the same Node-B may be synchronized and some Node-Bs may be synchronized in order to support multi-cell MBMS services. In addition, the sync slot boundaries of two Node-B’s operating in a non-synchronized mode can be overlapped due to an independent clock drift in each Node-B. Thus, if the initial cell search algorithm (the two-step search algorithm in [1]) is used for handover cell search without any modification, timing ambiguity can arise in the first step. In order to avoid this problem, the search window is divided into two parts, i.e., synchronized and non-synchronized regions. A different search process is applied to each region. That is, in the non-synchronized region, the initial cell search algorithm (first step and second step) is applied while in the synchronized region, only the second step is used as in Sec. 5-1.
Note that the first step in the non-synchronized region is based on the full coherent correlation (128 samples) because the frequency offset is small in non-initial cell search environment. Unlike the synchronized network case, the microscopic DRX technique for neighbor cell search cannot be used in the non-synchronized network because the UE does not know the coarse frame timing of neighboring cells.
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Figure 6. Two different search regions for non-synchronized network

VI. Simulation Condition and Results
Table 1 shows the simulation assumptions. Unlike the initial cell search case, there is little frequency offset in neighbor cell search environment. Since the handover takes place more frequently in high mobility environment than in low mobility environment, we consider the vehicle speed up to 350 km/hr in this contribution. We assume the same transmit power per SCH symbol for all schemes, which is the fair condition considering the power limit of Tx power amplifiers.
Table 1. Default simulation assumptions
	Transmission BW
	1.25 MHz

	Carrier frequency
	2 GHz

	FFT Size
	128

	Total Number of used subcarrier
	76

	Residual frequency offset
	200 Hz

	Number of GCL sequences (=alphabet size of hopping code)
	40

	Number of physical cell IDs (NCell)
	512 (as a worst case, we assume there is no neighbor list information)

	The power ration between P-SCH and S-SCH for FDM
	6:4

	Channel Model
	TU (6 paths) and two mobility environments (3km/hr, 350 Km/hr)

	Antenna configuration
	2 Tx and 2 Rx 

	Antenna diversity
	Precoding Vector Switching (PVS) at Tx and EGC at Rx
(Considering the Tx power limit of Tx Amp. and receiver complexity, PVS is better than TSTD or FSTD) [8]

	Loading for data traffic channel
	Full load (100% loading) over 76 sub carriers
The same power between SCH and Data

	The first step in the non-synchronized region
	Full length (128 time samples) coherent correlation (+/- 1 CP decision region assumption), 10 msec averaging

	The second step
	Coherent code detection based on P-SCH phase reference
Coherent antenna combining

Coherent time(symbol) averaging (10 msec)


VII. Non-initial Cell Search Performance Comparison
6.1. When the target cell and serving cells are synchronized.
Fig. 7 and Fig. 8 show cell search time performance in synchronized environment for 3Km/hr and 350 Km/hr vehicle speeds, respectively. Here, we assume a low SINR environment with 
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=-3 dB. It is seen that the FDM-5 has the best performance in both of low and high vehicle speeds. FDM-2 and TDM-2 cannot achieve the 90% CDF point within 200 msec at 3Km/hr while TDM-4 and FDM-4 can achieve the 90% CDF point within 60~80 msec and FDM-5 within 40 msec at the same environment. At 350 Km/hr, however, the 90% cell search times are reduced due to the time diversity. It is noticed that 90% cell search time for FDM-2 and TDM-2 is about 60~80 msec, while for FDM-4 and TDM-4, it is about 40 msec and for FDM-5  30 msec.
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Fig. 7. Cell search time comparison in synchronized network for 3 km/hr vehicle speed.
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Figure 8. Cell search time comparison in synchronized network for 350 km/hr vehicle speed.

6.2. When the target cell and serving cells are non-synchronized.
Fig. 9 and Fig. 10 show cell search time performance in non-synchronized environment for 3Km/hr and 350 Km/hr vehicle speeds, respectively. Here, we assume also a low SINR environment with 
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In order to simplify the problem, we assume the frame time of the target cell is located in the asynchronous region which is illustrated in Fig. 6. For neighbor cells whose frame timing lies in the synchronous region, we can apply the sync-type cell search algorithm described in Sec. 5-1. In this case the cell search performance is expected to be similar to the one in the previous Sec. 6.1. At low vehicle speed, it is noticed that the performance of TDM-4 is similar with that of FDM-5 and the performance of FDM-4 is slightly less than that of TDM-4 and FDM-5. But at high speeds, the performances of FDM-4 and TDM-4 are very similar and FDM-5 outperforms FDM-4 and TDM-4.
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Figure 9. Cell search time comparison in non-synchronized network for 3 km/hr vehicle speed.
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Figure 10. Cell search time comparison in non-synchronized network for 350 km/hr vehicle speed. 
VIII. Conclusions
7-1. Performance point of view
· FDM-5 has the best performance among all schemes
· In a low SINR environment, FDM-2 and TDM-2 show poor performance especially at low vehicle speeds.

· The performance of TDM-4 is similar or slightly better than FDM-4 but both schemes have better performance than TDM-2 and FDM-2.

· Thus, it is desirable to use FDM-5, TDM-4 or FDM-4 in terms of cell search performance.
7-2. TDD/FDD commonality and inter-RAT measurement point of view
It is not desirable to use the FDM-4 or FDM-5 in TDD system because there exists a constraint on the up/down switching point. Thus considering the TDD/FDD commonality only, TDM-4 for both of FDD and TDD is the best solution. But the demerit of TDM-4 is that it is difficult to support inter-RAT measurement. As mentioned in [4] [5], the transmission gaps are 4.6 msec for GSM or 4.66 msec for WCDMA. In order to guarantee the inter-RAT handover, it should be possible to detect the cell IDs and 10 msec frame boundary during this transmission gap. However, FDM-4 and FDM-5 can support the inter-RAT measurement since there is always one (FDM-4) or two (FDM-5) SCH symbol within this gap since it is possible to detect the cell ID and 10 msec frame timing with just one SCH symbol. Thus, for the inter-RAT measurement, it is desirable to use the FDM-5 or FDM-4.
Our view is that at least EUTRA FDD should support inter-RAT measurement since it is expected that many existing GSM or WCDMA operators employ FDD than TDD. So we propose to use FDM-4 for FDD and TDM-4 for TDD. Even with this configuration, we can meet the TDD/FDD commonality by using the same P-SCH sequence and the same S-SCH sequences for both FDM-4 and TDM-4 as shown in Fig. 2 and Table 1. By using the same P-SCH sequence, the same time domain matched filter can be used for the first steps in both FDD and TDD, and by using the same S-SCH sequences the same frequency domain correlator can be used for the second steps in both FDD and TDD.
Considering the performance, FDD/TDD commonality and inter-RAT measurement, we arrive at the following conclusions  
- FDM-4 for FDD
- TDM-4 for TDD 

- The same cell common P-SCH sequence for both TDD and FDD
- The same S-SCH sequences for both TDD and FDD
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